Objectives: Adipocyte fatty acid-binding protein (A-FABP), also known as aP2 or FABP4, is abundantly expressed in adipocytes and plays a role in glucose homeostasis. We analyzed the relationship between the coronary artery disease and serum FABP4 levels in Korean adults. Methods: In a total of 234 Korean adults, in whom coronary angiograms were performed, anthropometric measurements were done and fasting glucose and lipid profiles were measured. Serum FABP4 levels were measured using ELISA. The presence of metabolic syndrome was diagnosed according to American Heart Association/National Heart, Lung and Blood Institute (AHA/NHBL) criteria with body mass index (BMI) substituted for waist circumference. Results: Among the subjects, 31.6% had diabetes, 46.9% had metabolic syndrome, and mean log (FABP4) levels showed significantly higher levels in subjects with diabetes. Among the subjects, 42.4% had normal coronary vessel, 34.6% had 1-vessel disease, 13.7% had 2-vessel disease, and 9.4% had 3-vessel disease. Among the parameters, mean age, fasting glucose, and log (FABP4) levels increased significantly as the numbers of stenotic vessel increased from normal to 3-vessel disease, and for FABP4, these significances showed a consistent trend for difference after adjustment for age, gender, BMI, and fasting glucose (PZ0.072). Mean log (FABP4) level showed lower values in subjects taking aspirin, and higher values in subjects taking statin and anti-hypertensive drugs. Conclusions: Serum FABP4 levels increased as the numbers of stenotic coronary artery increased, although these differences were attenuated after adjustment for age and fasting glucose levels. Various anti-atherogenic medications showed different effects on the serum FABP4 levels, which need further investigation.
Introduction
Obesity and cardiovascular disease are two most prevalent diseases in the elderly (1, 2) . Recent works focus on uncovering the link between these diseases and the common pathophysiological mechanisms providing the association between the two diseases. The more prevalent rate of atherosclerotic diseases in obese populations compared with lean subjects confirm the role of obesity in the development of atherosclerosis (3) . The most simple explanation for the linkage between these two diseases is metabolic syndrome. Metabolic syndrome is a cluster of risk factors such as abdominal obesity, hyperglycemia, hypertension, and dyslipidemia, all of which is thought to cause insulin resistance due to visceral obesity (4) . The seriousness of metabolic syndrome lies in the increased development of cardiovascular disease and type 2 diabete mellitus in subjects with this syndrome. Recent works report the dynamic function of adipose tissue as an endocrine organ, not only for storing the remnant energy but also for releasing various cytokines, adipokines and inflammatory markers, which contribute to the development of insulin resistance and atherosclerosis (5) .
An important molecular pathway that integrates metabolic and inflammatory responses, and the subsequent atherosclerosis, involves the fatty acid-binding proteins (FABPs) that are commonly present in adipocyte and macrophages (6) . FABPs are a family of small cytoplasmic proteins, 14-15 kDa, conserved through evolution from Drosophila to humans (7) . There are nine types of FABPs, exhibiting a tissuespecific expression pattern, and often their abundance is regulated by the demands of the cells in which they are present (8) . FABPs act as cytoplasmic lipid chaperones and play a role in the cellular trafficking of fatty acids and other lipid signals through their interaction with functional targets. Among them, adipocyte FABP (A-FABP), also known as aP2 or FABP4, is one of the most abundant protein in adipocytes and macrophages. The precise pathophysiological role of these small proteins has been recognized only upon the development of genetic models to examine their function in mice (9) (10) (11) . In these experimental models, deficiency of FABP4 results in lowered triglycerides, increased insulin sensitivity when made obese, and protection against atherosclerosis in models of hypercholesterolemia. The impact of FABP4 deficiency on atherosclerosis is predominantly the result of its action in macrophages (12) , and in a very recent study using selective deletion of FABPs in adipocyte and macrophage, and bonemarrow transplantation experiments in mice, Furuhashi et al. (13) demonstrated that neither macrophages nor adipocytes individually could account for the total impact of FABPs on systemic metabolism and suggest that interactions between these two cell types, particularly in adipose tissue, are critical for the inflammatory basis of metabolic deterioration.
It has been shown that FABP4 levels could be measured in human serum, and could be useful in clinical diagnosis of obesity-related metabolic syndrome (14) . In the studies performed in non-diabetic Hong Kong subjects, high baseline serum FABP4 was predictive of metabolic syndrome and type 2 diabetes mellitus, independent of obesity and insulin resistance (15, 16) . As the clinical importance of type 2 diabetes and metabolic syndrome is the development of cardiovascular disease, the clinical implications of FABPs have been studies in relation with atherosclerosis. Furuhashi et al. (13) demonstrated that an FABP4 inhibitor administration in ApoE K/K mouse model showed marked reductions in atherosclerotic lesion area compared with the vehicle-treated group, suggesting the effect of FABP4 inhibition might prevent not only diabetes or metabolic disease but also atherosclerosis. In a genetic study done by Tuncman et al. (17) , individuals with the FAPB4/aP2 variant had lower serum triglyceride levels, exhibited reduced risk of cardiovascular disease, and lower expression level of adipose tissue FABP4. In a recent work by Yeung et al. (18) , serum FABP4 levels were independently associated with carotid atherosclerosis in Chinese women. These findings suggest the role of FABP4 in metabolic syndrome and cardiovascular disease, although the precise role has not been clarified.
Although a few studies have been performed in relation to the association of FABP4 and atherosclerosis, there are no studies performed on the direct relationship of serum FABP4 levels with atherosclerosis in human. Therefore, we designed this study to see the relationship between serum FABP4 levels and coronary artery disease (CAD) in subjects in whom coronary angiograms were performed due to chest pain.
Subjects and methods

Study subjects
The study was performed in 234 subjects in whom coronary angiograms were performed in the department of cardiology in Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, Korea, due to chest pain from May to September, 2003. The patients included 137 (58.5%) men and 97 (41.5%) women whose mean age was 58.2 years (range 26-87 years). Those with medical illnesses such as acute infection, chronic renal failure (serum creatinineR2.0 mg/dl), malignancies, and other severe medical illnesses were excluded from the enrollment. The histories for smoking and medication of the participants, at the time of coronary angiograms, were obtained by the chart review and from the self-questionnaire.
Written informed consent was obtained from each participant and the study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution's human research committee.
Anthropometric measurements and blood chemistry
Height, weight, systolic, and diastolic blood pressures were measured in duplicate and the results were averaged. Weight and height were measured in kg and cm respectively, down to two decimal points. The body mass index (BMI) was calculated by dividing the weight (kg) with the square of height (m). After 12 hours of fasting, blood sampling was done. Fasting blood glucose, total cholesterol, triglyceride, high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C) were measured from the samples and the hexokinase method was used to measure blood glucose levels and enzymatic colorimetric test was used to measure the total cholesterol and triglyceride levels. The selective inhibition method was used to measure the level of HDL-C and the homogeneous enzymatic colorimetric test was used to measure the level of LDL-C.
Measurements of serum FABP4 levels
Blood samples were taken after an overnight fast and before the coronary angiogram. The serum was separated and stored at K80 8C, and serum FABP4 levels were measured simultaneously later. The measurement was performed by an ELISA method (BioVendor Laboratory Medicine, Modrice, Czech Republic).
Diagnosis of diabetes mellitus and metabolic syndrome
The presence of diabetes mellitus was confirmed according to the criteria from the American Diabetes Association (19) , or from the medical history of being treated with diabetes mellitus.
Based on the American Heart Association/National Heart, Lung, and Blood Institute (AHA/NHLBI) criteria with the BMI (R25 kg/m 2 ) substituted for waist circumference, the diagnosis of MetS was made when the subject satisfied more than three categories among the five categories described below (20, 21 
Coronary artery angiography
Coronary artery angiography was performed in all patients. The procedures were performed and interpreted by trained cardiologists who had been certified as cardiologists from the Korean Society of Circulation for at least 3 years. Significant stenosis was defined by an internal diameter decrease of more than 50%. Patients were grouped according to the number of significantly stenotic vessels into normal, 1-vessel, 2-vessel, and 3-vessel diseased groups.
Statistical analysis
Analysis was done using SPSS version 12.0 (Chicago, IL, USA). The parameters that followed normal distribution were described as meanGS.D. and the parameters that did not follow normal distribution were expressed as medianGinterquartile range. The normality test was performed using the KolmogorovSmirnov test. If the parameter does not follow normal distribution, log transformation (log) was performed before the statistical analyses. Bivariate correlation analyses between the variables were performed using Pearson's correlation analysis. The comparisons of the mean values for the variables and serum FABP4 levels among the different groups categorized by the number of stenotic vessels and the absence or presence of CAD, were performed using ANOVA test and Student's t-test, and the adjustment for age, BMI, gender, and fasting glucose levels were done using ANCOVA test. Multiple comparison tests were performed with post hoc analysis to compare the mean values between individual groups. The proportions of the patients with different medication history were compared using c 2 -test. Logistic regression analysis was performed to determine whether FABP4 predicts CAD independent of age and gender. The significance was defined as a P!0.05.
Results
Mean age of the participants was 58.2 years and 58.5% of the participants were male (Table 1) . Median values for serum FABP4 and fasting glucose levels were 103.0G23 mg/dl and 10.80G6.8 ng/ml. Among the subjects, 31.6% had diabetes mellitus, and 46.9% had metabolic syndrome (Table 1) .
Among the subjects, 135 subjects (57.7%) had CAD with 81 (34.6%) subjects having 1-vessel disease, 32 subjects (13.7%) having 2-vessel disease, and 22 subjects (9.4%) having 3-vessel disease (Table 1 ). In bivariate correlation analyses, log (FABP4) level showed no significant correlation with the variables except for age. Mean log (FABP4) level was significantly higher in female subjects compared with male subjects (2.68G 0.63 vs 2.19G9.65 ng/ml) ( Table 2 ). There was no difference between the mean values of log (FABP4) levels according to metabolic syndrome defined by AHA/NH-BLI criteria or obesity defined by BMIR25 kg/m 2 ( Table 2) . Subjects with diabetes mellitus showed significantly higher mean log (FABP4) level compared with those without diabetes (2.55G0.72 vs 2.32G 0.76 ng/ml, PZ0.021) ( Table 2) .
Mean log (FABP4) levels were compared according to the medication histories at the time of coronary angiograms (Table 3) . Patients taking aspirin at that time showed lower mean log (FABP4) level and those taking statin and anti-hypertensives at the time of coronary angiograms showed higher mean log (FABP4) levels compared with the patients not taking those medications (Table 3) . Among the anti-hypertensive medications, mean log (FABP4) levels were significantly higher in patients taking angiotensin-converting enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB) and those taking diuretics compared with patients not taking the medications (Table 3) .
When the mean values of the variables were compared according to the number of stenotic vessels, subjects with CAD were older than those with normal coronary artery, and as the number of stenotic vessels increased, mean log (FABP4) levels increased (Table 4) . Mean log (fasting blood glucose, FBS) significantly increased as the number of stenotic vessels increased (PZ0.001), and the proportion of the diabetic patients increased as the number of stenotic vessels increased from normal to 3-vessel disease ( Table 4) . The proportion of patients who smoked was significantly higher in those with CAD compared with those without CAD (Table 4) . Mean log (FABP4) level significantly increased as the number of stenotic vessels increased (PZ0.008), and in post hoc analysis, subjects with 3-vessel disease showed significantly higher mean log (FABP4) levels compared with the subjects without the CAD and 1-vessel disease (PZ0.001, 0.003) ( Table 4 ; Fig. 1 ), and these significances showed a strong trend toward a difference even after adjustment for age, gender, and BMI (PZ0.052) or, age, gender, BMI, and log (FBS) (PZ0.072).
When the mean log (FABP4) level was compared between the subjects with and without CAD, subjects with CAD showed higher mean log (FABP4) level compared with the subjects without CAD with borderline significance (PZ0.096; Table 4 ). Logistic regression analysis was performed with presence of CAD as the dependent variable, FABP4 level was not the significant determinant for CAD after adjustment for age and gender (data not shown).
Discussion
In this study, for the first time in the literature, we showed the significant association of serum FABP4 levels with CAD in humans. Mean serum FABP4 levels increased as the number of stenotic coronary arteries increased and these significances showed a strong tendency for a difference even after adjustments were made with age, gender, BMI, and fasting blood glucose. Serum FABP4 levels showed no association with metabolic syndrome or obesity categorized by BMI values. The attenuation of the significant associations between serum FABP4 levels and the number of stenotic coronary arteries after adjustment for age and fasting blood glucose, suggests that the effect of circulating FABP4 levels on atherosclerosis might be explained through the aging process and impaired glucose metabolism. Another interesting point of our study was that serum FABP4 levels showed significant differences in subjects with different medication, including aspirin, statin, and anti-hypertensive drugs.
From the fact that FABP4 is expressed in adipocyte and macrophages (6, 14) , and the high level of FABP4 was found to be expressed in atherosclerotic lesions in mice and humans (22) , and the fact that metabolic syndrome and diabetes is considered to be important risk factors for atherosclerosis, the possibility of the role of FABP4 in the development of atherosclerosis was investigated in clinical studies. Tuncman et al. successfully produced genetic support for the involvement of FABP4 in atherosclerosis in humans (17) . They identified a genetic variant (T-87C) at the promoter region of FABP4 in humans resulted in decreased adipose tissue FABP4 expression due to alteration of the CAAT box/enhancer-binding protein binding and reduced transcriptional activity of FABP4 promoter and they validated these genetic mutation in 7899 participants, that the carriers of this polymorphisms showed lower serum triglyceride levels and significantly reduced risk for coronary heart disease and type 2 diabetes compared with wild-type allele. Furuhashi et al. (13) demonstrated more functionally confirmative results in that the treatment of ApoE K/K mouse model with a FABP4 inhibitor resulted in protection against atherosclerosis and metabolic syndrome, suggesting that the pharmacologic intervention for FABP4 inhibition might also show beneficial effects against diabetes and cardiovascular disease. Recent work from Yeung et al. showed positive correlation of serum FABP4 levels with carotid atherosclerosis in Chinese women, suggesting another clinical evidence for the role of FABP4 in the development of atherosclerosis in humans (18) . However, no studies have been reported on the direct Differences in the mean values of the parameters between the different groups were analyzed by one-way ANOVA test. P values depict the significances for the trends in the differences of the mean values between the groups divided according to the number of stenotic vessels. *P!0.05 in post hoc analysis of the subjects without CAD. † P!0.05 in post hoc analysis of the subjects with 1-vessel disease. ‡ The proportions were calculated within each group divided by the number of stenotic arteries.
§ The significances shown between the log (FABP4) levels were attenuated after adjustment for age, sex, BMI (PZ0.052); age, sex, BMI, and log (FBS) (PZ0.072).
s PZ0.096 in comparison analysis of the subjects without CAD analyzed with Student's t-test. CAD, coronary artery disease; DM, diabetes mellitus; FBS, fasting blood sugar; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TG, triglyceride; TC, total cholesterol; HDL-C, high-density cholesterol; LDL-C, low-density cholesterol; FABP4, fatty acid-binding protein 4; log (FABP4), logarithmic transformation of serum FABP4 levels; log (FBS), logarithmic transformation of fasting glucose levels. association between serum FABP4 levels and CAD in human.
In this study, the number of stenotic coronary arteries was significantly associated with increasing circulating concentrations of serum FABP4 levels, suggesting the involvement of FABP4 in the development of atherosclerosis. Subjects with the highest number of stenotic vessels showed significantly higher serum FABP4 levels compared with those with 1-vessel and those without CAD, suggesting the enlarging influence of FABP4 levels as the extent of stenosis progressed. The mechanism for the correlation of serum FABP4 levels with coronary artery stenosis might be explained in several ways. Adenovirus-mediated overexpression of FABP4 in human macrophages directly induces foam cell formation by increasing intracellular cholesterol ester accumulation (22) . On the contrary, ablation of FABP4 expression in macrophage increases cholesterol efflux and prevents oxidized LDL-induced foam cell formation. Apolipoprotein E (ApoE) deficient mice also deficient in FABP4 showed protection from atherosclerosis in the absence of significant differences in serum lipids or insulin sensitivity, and ApoE K/K mice with FABP4
K/C adipocytes and FABP4 K/K macrophages showed comparable reduction in atherosclerotic lesions to those with total FABP4 deficiency, indicating an independent role for macrophage FABP4 in atherogenesis (12) . Since FABP4 was traditionally thought to be a cytoplasmic protein, whether the circulating FABP4 might have equal influence and have the same pathologic effects on vasculature in cellular level, has to be clarified with more experimental evidences. Further studies connecting the serum FABP4 and circulating inflammatory markers of macrophage function and activity might uncover interesting results relating the effects of serum FABP4 on vasculature in humans.
In this study, the association observed between coronary artery stenosis and serum FABP4 were attenuated after adjustment for age and fasting blood glucose. This attenuation suggests that the effect of circulating FABP4 on CAD might be through the differences in age and the serum concentration of fasting blood glucose levels in different groups of coronary artery stenosis. Serum FABP4 levels have been shown to be positively correlated with glucose levels and insulin levels (14, 16) , and in the prospective study by Tso et al. elevated baseline serum FABP4 level predicted the development of type 2 diabetes (15). Subjects with impaired glucose metabolism or diabetes have higher serum FABP4 levels than those with normal glucose metabolism (18) , and subjects having genetic polymorphism in FABP4 promoter, showed significantly lower risk for developing type 2 diabetes mellitus (17) . Similar results were shown in our study population, in that subjects with diabetes had significantly higher serum levels of FABP4 compared with those without diabetes, and more proportion of diabetic patients were present in the group with more number of stenotic arteries compared with the groups with lesser number of stenotic vessels. Such adverse effects of FABP4 on glucose metabolism must have influenced the association of serum FABP4 with coronary artery stenosis in this study, as the significances were attenuated after adjustment for fasting blood glucose.
Although the precise mechanisms explaining the role of FABP4 in glucose metabolism is not yet fully understood, the role FABP4 as the link for the interplay between macrophage and adipocyte, could be one of the explanations for the action of this molecule in glucose metabolism and inflammation (9, 13, (23) (24) (25) . In a very recent interesting work by Furuhashi et al. (13) , selective deletion of FABPs in adipocytes resulted in reduced expression of inflammatory cytokines in macrophages, whereas the same deletion in macrophages led to enhanced insulin signaling and glucose uptake in adipocytes, suggesting that the interaction between these two cells affect systemic insulin sensitivity and glucose metabolism, especially in adipose tissues. Although these observations in animal studies could be replicated in human body needs further investigation, it is clear from our study result that serum FABP4 has significant association with coronary atherosclerosis, and must have been affected by the differences in the glucose metabolism in subjects with different degrees of atherosclerosis.
Another interesting result of our study was that serum FABP4 levels showed significant differences according to the different medication histories, including aspirin, statin and various anti-hypertensive medications, all of which could have affected the atherosclerotic change of the coronary vessels of the participants. As could be expected from the known antiatherogenic effects of aspirin (26) , the subjects who were taking aspirin at the time of coronary angiogram showed significantly lower serum FABP4 levels compared with those who were not. The subjects who were taking statin or anti-hypertensives showed significantly higher serum FABP4 levels compared with those who were not taking the medications. Although our result contradicts a previous study that suggested the effect of atorvastatin on the prevention of the rise of FABP4 expression caused by oxidized LDL in macrophage (27) , as the exact duration of past medial histories of the participants for hypertension or hyperlipidemia were not available, we could speculate that, the subjects who were taking statins and antihypertensive medications might have suffered from the particular diseases and thus, so have the vessels, showing the progression of atherosclerosis, and the subsequent rise in the serum FABP4 levels. Among the anti-hypertensive medications, subjects who were taking ACEI or ARB, so-called renin-angiotensin system (RAS) blockers, showed significantly higher serum FABP4 levels compared with the subjects who were not. Although there are few studies regarding the effects of ARBs on the improvement of steatohepatitis and inflammation in liver in rat models (28, 29) , the direct effect of RAS blockade on FABP4 action needs further clarification. Taken together, the effects of multiple antiatherogenic interventions on serum FABP4 levels might be another interesting field to be discovered in the future.
Although a direct causal relationship between serum FABP4 and coronary artery stenosis could not be drawn due to the cross-sectional nature of the study, this was the first study to report the association between serum FABP4 levels and coronary artery stenosis in humans. A more well-designed prospective study in an extended population with additional measurements of more specified biomarkers related with vascular inflammation would give more clues to clarify the mechanisms related with the clear link between serum FABP4 and atherosclerosis in humans.
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